The projected 300% growth rate in the population of Enugu area and its environs by the year 2020 and the expected increase in waste generation necessitated the need to map out areas for waste disposal for future utilization and as a protective strategy for the environment in Enugu area. Land capability index mapping using Geographic Information System (GIS) is one of the appropriate tools required for solving this problem. A total of 12 landuse determinants were selected as thematic data layers, and as basic factors influencing the choice of waste disposal landuse option in the area. The themes (thematic maps) generated from field/laboratory measurements and from literature, include slope, water table, surface and subsurface water conditions, elevation, geology, soil, drainage and geo-structural stability (fault, erosion, landslide and flooding) maps. The maps were scanned, digitized, georeferenced, and polygonized using autocard drawing capabilities to convert them into vector format and later exported to arc view software for analysis. The final processing using overlay model builder yields layers that display areas of preferred waste disposal sites in a map form, which generally shows areas of varying suitability (suitable, moderately (low) suitable and unsuitable). The waste disposal map of Enugu area shows that blocks 1 (Obeagu area) and 3 (Ebe/Nsude areas) represent suitable and unsuitable areas, respectively, while block 2 (Ngwo area) has low suitability for waste disposal.
Introduction
The purpose of landuse planning is to make the best, most sensible, practical, safe and efficient use of each parcel of land [1] . Mapping of a land unit for a particular purpose is an aspect of Landuse planning which ensures maximum and safe utilization of land. Enugu area under investigation is presently witnessing high rate of population growth. Accordingly, a projection of the population of Enugu area is pegged at approximately 300%, giving rise to a population figure of about 3,237,298 people by the year 2020, [2] . Problems of improper waste disposal are always associated with over population in developing countries of the world. This condition usually causes environmental degradation leading to contamination/pollution of the environment. It is therefore, necessary to map out areas of varying capabilities for waste attenuation and containment in the Enugu area for future utilization and as a protective strategy for the environment.
Site evaluation for waste disposal involves the understanding of basic soil components and properties, mechanisms operating in the soil and limitations of the mechanisms in terms of pollutant loading rates. It also describes the important criteria used in evaluating land for waste disposal. The factors to be considered in such evaluations include: climate, topography, drainage, soil properties, groundwater, slope, surface water, fault and flood potential [3] [4] [5] [6] [7] [8] [9] [10] [11] .
The application of Geographic Information System (GIS) in the evaluation of land has widely been acclaimed to facilitate efficient decision making and planning of land use options, [12] . GIS consists of a set of computerized tools and procedures that can be used to effectively store, retrieve, overlay, correlate, manipulate, analyze, query, display (both graphically and numerically) and disseminate land related information, [13] .
This approach is applied in the determination of areas with varying degrees of suitability for waste disposal land use option in the Enugu area and environs.
areal extent of about 630 km 2 ( Figure 1) . The area is also located within the rain forest belt of Nigeria and has an average annual rainfall of about 1100 mm a year, [14] .
Topography of the Study Area
The most striking feature within the study area is Enugu-Awgu escarpment. This escarpment is part of the Nsukka-Okigwe Cuesta, which was formed by the resistant sandstones of the lower part of the Ajali Sandstone and the Mamu Formation (Figure 1) , [15] . The elevation of the escarpment ranges from 450 m to about 530 m, while the slopes range between 3% and 6% in the dip slope part to between 55% and 65% along the scarp face, [16] . Terminating at the foot of the escarpment to the east is the extensive undulating Cross River Plain, underlain by the Enugu Shale.
Drainage
The Enugu-Awgu escarpment forms the most important watershed separating the Cross River system to the east from a network of streams flowing westwards towards the Anambra Basin, [14] . The escarpment is also indented with river valleys, which form the source of streams rising at about the 305 m elevation and flowing down into deep canyons and v-shaped gullies incised in the weakly bedded and friable sandstones and sands of the Ajali and Mamu Formations, [17] . The rivers and rivulets give rise to dendritic drainage pattern, usually developed in rocks with uniform resistance to weathering and erosion, [18] .
Geology
The study area lies in the Anambra Basin of southeastern Nigeria. The basin is of Cretaceous to Tertiary age, [15, 19] . Five formations that underlie the study area include: Ezeaku Formation (Turonian), Awgu Ndiabo Shale (Santonian), Asata-Nkporo/Enugu Shale (CampanianMaastrichtian), Mamu Formation (middle Maastrichtian) and Ajali Sandstone (late Maastrichtian). The stratigraphic succession is shown in Figure 2 and Table 1 . The formations are conformable, although minor discordance may be present, but there is no evidence of any prolonged break in sedimentation, [20] .
Hydrogeology
The major water bearing units (aquifers) occur in the Ajali Sandstone that underlie areas to the west of the study area, with a generally deep static water table of about 30 to 40 m deep, [21] . Aquifers also occur within the Mamu Formation, while some aquitards occur within the Enugu Shale, [18] . The aquitards, are fractured and are tapped by hand dug wells which show high coliform counts, [22] . In the eastern part of Enugu area, the static water table occurs at an average depth of 5 to 9 m making the area vulnerable to pollution. The generalized depth to water table in the area is shown in Figure 3 . It shows that depth to water table decreases from west to east. At the western section, the water table is at an average depth of 60 m and at the eastern section towards the Cross River plain, the water table is very close to the ground surface averaging about 9 m deep. 
Soils 2.2. Laboratory Studies
The main soil types in the area are ferralithic and hydromorphic soils, which are derived from the Ajali Sandstones and Enugu Shales underlying the area. The soils derived from Enugu Shale are expansive and have hydraulic conductivity values of about 10 -5 m/s, [23] . These soils can be grouped into four classes (based on weathering conditions): Ferralithic Soil (deep, friable and porous), hydromorphic soil (saline soil), lithosoil (thin soils mostly found on hill slopes) and forralithic soils, (Figure  4) , [7] .
Laboratory investigations carried out on the soils included: particle size analysis, porosity, permeability and Atterberg limit tests.
Samples for particle size distribution analysis were first thoroughly disintegrated by alternate cycles of wetting and drying. The disintegrated material was sieved through 3.35 mm, 0.425 mm to 0.075 mm sieve meshes after thoroughly shaking the samples with a standard electric sieve shaker. The percentage by weight of soil particles retained on each sieve mesh, were plotted against sieve mesh size to obtain the size distribution pattern of each sediment sample. The particle size distribution of sediments less than 0.075 mm was determined using the hydrometer method in accordance with [24] BS standard. Only hydromorphic and ferralithic soils were investigated using this method. The hydrometer analysis is based on Stroke law and indicates the percentage of clay fraction present in a sample of soil.
Materials and Methods
Data required for the analysis of land use options for Enugu Area is divided into primary and secondary data types. The primary data involved information obtained from field and laboratory studies, while secondary data included information obtained from literature and raw data collated from ministries, parastatals, universities and companies.
The porosity and permeability of the soils were also determined as one of the necessary parameters used in delineating potential of an area for waste disposal landuse option. The tests were carried out on the hydromorphic, ferralithic and forralithic soils using falling head method.
Soil Sampling
Soil samples were taken randomly from two horizons at Owa, Enugu, Ugwuafor and Agbani. Sampling was carried out by pitting to a fairly considerable depth of 5 and 5.8 m horizons. Collection was made on fresh samples, while indurated surfaces, humus sections and gravely beds were avoided. The collected soils were preserved in polythene bags and taken to the laboratory for necessary soil tests in accordance with [24] BS standard.
Results and Data Analysis
The results of particle size distribution of 3 samples representing the different soil types in Enugu area is preented in Tables 2-4 show that forralithic soils can be grouped as sandy clay soils while hydromorphic and ferralithic soils are silty clay soils. The plots of hydrometer analysis for the two soil types (ferralithic and hydromorphic soils) are shown in Figures 8(a) and (b) , which show that the clay fraction of the hydromorphic soil is 13% and that of ferralithic soil is 13.5% in the analyzed samples.
The result of the falling head test for some of soil types in the study area is shown in Table 5 . The Forralithic and hydromorphic soils have higher porosity and permeability which corroborates the work of [25] . Similarly, the following physical properties of lithosoils that also underlie part of the study area have also been defined, [16] : shear strength = 88.36 N/m 2 , porosity = 30% and permeability is 1.70 cm/s, soil group is silty sand.
Engineering Classification of Soils
The Unified Soil Classification System (USCS; Table 6 ) used particle size distribution and Atterberg Limit Data (Tables 7-9) to describe two main soil groups in the study area: coarse and fine grained soils. The plasticity chart (Figure 9 ) also used grain size distribution and Atterberg limit data (Tables 7-9) to characterize three classes of soils in the study area (Forralithic Soil, Hydromorphic Soil and Ferralithic Soil): Forralithic soils, plotted on CL-ML field (Figure 9) representing silty clay and poorly graded soils. Hydromorphic soil plotted on SP-CL field which is silty clay and poorly sorted soils. Ferralithic soil plotted on SW-CL field which is silty clay and well sorted soils.
Thematic Maps
Twelve thematic maps generated from the various field and laboratory operations and from literature were employed as basic landuse determinants in the study area. The maps are the themes that form data layers for Geographic Information System (GIS) operation. The thematic maps were first scanned at 150 dpi (dot per inch) esolutions, digitized, polygonized and georeferenced r with 4 control points of 6˚16'N and 6˚31'N (Latitude) and 7˚20'E and 7˚41'E (Longitude). The digitized thematic maps include: elevation map, slope map, soil depth map, drainage map, soil class map, surface water map, depth to water table map, erosion map, escarpment map, fault map, flood/landslide map and geologic map of the study area (Figures 10-21 ). These data base (thematic maps) were modified using excel statistical software and geographic calculator and arranged as distinct layers. Data analysis also involved conversion of the collected elevation values and coordinates to national grid. With the aid of the topographic map of Enugu area and the Geographic Positioning System (GPS), the 3D Digital Terrain Model (DTM) of the study area was developed in Arc view by the extrapolation of elevation values at 100 m range (Figure 22) . The DTM of the area revealed detailed picture of the drainage pattern that aided selection of waste disposal sites free from environment of internal drainage, [3] .
Organization of Geographic Input Data and the Establishment of GIS Data Layers
The thematic data layers used in this work are relevant for waste disposal land use option ( Table 10 ). The scale values of the tables are the capability ratings assigned to each environmental factor based on a scale of 0 -2, to make up three classes of landuse representing zones of unsuitable (0), low suitability (1) and suitable (2) . A zero (0) capability value renders the land of any area very unsuitable as the capability values of other landuse factors within the same polygon remains zero irrespective of their high suitability values, [26] .
Overlay Process
The input themes (thematic layers) were overlaid using computer iterative technique starting from theme I to 12 ( Figure 23 ). This operation was done by the selection of a model builder from the operational table (Table 10) using the Arc view software. Individual themes are added to one another using the matrix operation of the form:
This operation produced a waste disposal land use map (Figure 24) . The waste disposal map shows that areas 1 (Obeagu area) and 3 (Ebe/Nsude areas) represent suitable and unsuitable areas, respectively, while 2 (Ngwo area) has low suitability for waste disposal.
Discussion
The result of the overlay operations produced the preferred areas for waste disposal land use option. The map shows various areas of capabilities for waste disposal designated as areas 1, 2 and 3 representing suitable, unsuitable and low suitability, respectively. The study shows that area 1 (Obeagu area) occupies 60% of the land area that is suitable for waste disposal. This means that the greater percentage of Enugu area is suitable for waste disposal except Enugu Metropolis. The western quadrant is suitable due to low water table conditions, considerable soil thickness of about 19 m and very high sorption capacities due to the presence of fines in the samples. Areas of low suitability for waste disposal (Area 2: Ngwo area) occupy 20% of the land area, and falls mainly around the escarpment and the eastern end of the map. The low suitability in Area 2 is a function of steep slopes of around 50%, seepage at the foot of the escarpment due probably to high pore water pressure, and very shallow water table conditions. The unsuitable zones for waste disposal-Area 3 (Ebe/Nsude areas) also occupy about 20% of the land area and correspond to fault zones, scarp face terrain, flood and landslide prone areas. If a terrain is suitable for waste disposal, such a land has an advantage over unsuitable areas as leachates are easily attenuated by natural processes, hence the environment is protected and safe for man to live. Natural protection also saves huge costs required in waste management, especially in constructing engineered systems in areas that have high suitability for residential land use but low suitability for waste disposal landuse option. In such areas the international standard practice of leachate treatment, containment and discharge into the environment should be observed.
The area at Ugwuaji off Enugu-Port Harcourt expressway presently mapped out and used by Enugu State Environmental Sanitation Authority (ESESA) for the disposal of the wastes falls in one of the areas of high suitability of the present study. This implies that its present position is well cited. Most industries and residential buildings within Enugu Metropolis also correspond to areas of low suitability for waste disposal.
Conclusion
This study has shown that the area suitable for waste disposal practices in Enugu Area cover the greater percentage of the land unit and are found within the western, central and to a reasonable extent, the eastern blocks. Some of the available lands were adjudged unsuitable due to faults, erosion, landslides, floods and scarp face. This study is therefore expected to form the basis for future landuse management for enhanced sustainable development and better planning of Enugu area and environs.
